ABSTRACT. The Rivière George caribou herd (northern Québec-Labrador, Canada) is thought to be regulated by forage limitations in its summer range. In such a situation, digestibilities of plants may strongly affect the diet choice and physical condition of animals. In vitro dry matter disappearance (IVDMD) of the most important summer forages of the Rivière George caribou herd was determined during fermentation periods of 12, 24, and 48 h using rumen fluid collected from a Holstein cow. IVDMD values for Cyperaceae (Eriophorum angustifolium and Carex rariflora), and shrubs (Betula glandulosa and Vaccinium uliginosum) collected in July and August were higher for long fermentation periods (48 h) than for shorter ones (12 and 24 h). Plants collected in early summer were also more digestible than those collected in late summer. Contrary to my prediction, both Cyperaceae were more digestible than the two shrubs in mid-July. However, no difference occurred in early August. The fermentation period did not affect the IVDMD of lichens; maximum digestibility was attained after 12 h. Alectoria ochroleuca and Cetraria spp. were more digestible than Cladina rangiferina, Cladina stellaris, and Stereocaulon paschale, likely because of their lower fibre content. These results suggest that the preference of caribou for Cladina spp. is not based on digestibility, but probably on the fact that these species are abundant in the Rivière George area. Variations in IVDMD seem to be explained by plant phenology, because longer fermentation periods were necessary to attain a high level of digestibility as summer progressed. Plant digestibility alone cannot explain caribou summer diet. Other variables such as plant constituents (e.g., protein) and relative abundance must also be considered.
INTRODUCTION
The Rivière George caribou herd in northern Québec and Labrador increased at an annual rate of more than 10% in the period from 1954 to 1986, and seems to have stabilized at more than 680 000 individuals thereafter (Messier et al., 1988; Hearn et al., 1990; Couturier et al., 1996; situated on the tundra plateaus of the Rivière George (Messier et al., 1988; Crête et al., 1990a) . For most North American ungulate species, winter habitats are normally more critical, in terms of forage availability and quality, than summer habitats (Messier et al., 1988) . However, studies on the Rivière George caribou herd have suggested that forage limitations in the summer range (calving ground) could be the main factor of population regulation (Messier et al., 1988; Crête et al., 1990a; Crête and Huot, 1993; Crête et al., 1996) . The summer range, which represents only about 15% of the annual range (Messier et al., 1988) , has deteriorated over the last 15 years from overgrazing (Crête et al., 1990a; Manseau et al., 1996) . Presumably as a result of this deterioration, females have recently begun to leave their winter range later and stay for a shorter period on the calving ground (Crête et al., 1990a . In addition, low fat reserves of females during the first month of lactation and in the fall, combined with low calf growth, suggest that caribou are nutritively stressed during summer (Huot, 1989; Crête and Huot, 1993; . In this context, caribou-habitat relationships may be critical in summer, and studies on the interactions between the caribou and its summer food are needed.
Assessment of factors influencing the foraging ecology of large herbivores is important because the nutritional status of individuals is known to affect their growth rate, body size, and perhaps their reproduction (Klein, 1982; Huot, 1989; Robbins, 1993; Yamauchi and Iwasa, 1995) . The diet choice of northern ungulates is strongly linked to plant phenology (Kuropat and Bryant, 1980; White and Trudell, 1980; Skogland, 1984; Forchhammer and Boomsma, 1995) and is influenced by the relative digestibility of plants White et al., 1975; Thomas and Kroeger, 1980; White and Trudell, 1980) . When plant availability is accounted for, ruminants may be able to select the most digestible plant species (Thomas and Kroeger, 1980; White and Trudell, 1980) . However, other factors such as protein content may also affect diet choice (Skogland, 1984) . An understanding of the variables affecting digestibility is critical when assessing what factors are driving the herbivores' diet choice and can provide valuable insights for understanding herbivore foraging strategies. This understanding is particularly important for a population such as the Rivière George caribou herd, which is thought to be regulated by summer forages (Messier et al., 1988) . Therefore, one goal of this study was to assess whether plant digestibility can explain the summer diet choice of the Rivière George caribou herd reported in earlier studies (Gauthier et al., 1989; Crête et al., 1990a) .
Several authors have reported important variability in the digestibility of forages eaten by ungulates Palmer and Cowan, 1980; Thomas et al., 1984; Pehrson and Faber, 1994) . High variability in plant digestibility has been reported among sites, plant species, seasons, fermentation time, and methods used to estimate digestibility (Person et al., 1980; Kroeger, 1980, 1981; Brooks and Urness, 1984; Thomas et al., 1984) . This high variability underlines the need to document digestibility values when studying new ungulate -habitat ecosystems and to use standard methods to determine digestibility. One way to promote a standard method is to use the rumen fluid of an easily accessible animal on a controlled diet, such as a domestic ruminant. Therefore, another objective of this study was to determine the effect of fermentation time and plant collection date on the relative digestibility of lichens, Cyperaceae, and shrubs eaten by the Rivière George caribou herd during summer, using a standard inoculum donor, a Holstein cow.
MATERIAL AND METHODS
Plant specimens were collected at various sites on the summer range of the Rivière George caribou herd in northern Québec (58˚N, 65˚W). The area is characterized by tundra plateaus dominated by lichens, mosses, graminoids and prostrated shrubs (Messier et al., 1988; Crête et al., 1990a) . I analysed the plant species most commonly found in the rumen contents of caribou collected in the same area during summer (Gauthier et al., 1989; Crête et al., 1990a) . I sampled the live part (the top 5 -10 cm) of five species of lichens; two species of Cyperaceae (Eriophorum angustifolium, Carex rariflora), and the leaves of two deciduous shrubs (Betula glandulosa, Vaccinium uliginosum). The two species of shrubs appeared particularly important, because they were found in all 12 animals collected in the summer range (Gauthier et al., 1989; Crête et al. 1990a ). Lichens were collected on 20 -21 June 1992 and vascular plants between 5 July and 6 August 1992, i.e., over the complete period when caribou used the summer range during that year. Plants were oven-dried in the field at 45˚C for about 24 h, and stored (Mould and Robbins, 1981) . They were further dried at the same temperature in the laboratory for 24 h and ground in a Wiley mill (40 mesh) (Thomas et al., 1984) . I mixed samples of 15 -20 individual plants in digestibility trials to minimize the potential effects of inter-individual variability.
I used the Tilley and Terry (1963) method (modified by Goering and Van Soest, 1970) to evaluate in vitro dry matter disappearance (IVDMD) of forages. This technique has been widely used for both domestic and wild herbivores because of the difficulty involved in performing digestion studies in vivo (Nocek, 1988) . Briefly, the method consists of fermenting 0.5 g of substrate at 39˚C with 10 mL of rumen fluid, 40 mL of buffer solution, and 2 mL of reducing solution. Following Thomas et al. (1984) , I slightly modified Tilley and Terry's protocol. I added urea (126 mg/mL) to the solution to ensure that nitrogen was not a limiting factor, because ruminants normally recycle nitrogen when it occurs at low concentration (Wales et al., 1975; Cochran et al., 1986) . Also, following Donefer et al. (1960) and Johnson (1966) , I added biotine (10 µg/mL) and valeric acid (5 mg/mL) to ensure the survival of rumen cellulolytic bacteria.
I used inoculum of a rumen-fistulated Holstein cow that was fed good silage once daily. Inoculum was collected at the same time each day, 2 to 3 hours before feeding. It was obtained with a vacuum pump and filtered inside the rumen by means of a hose fitted with a filter. The rumen fluid was placed in a 40˚C prewarmed, insulated container, and one teaspoon of FeS was added to ensure a reduced environment for microorganisms during transportation to the laboratory (Palmer and Cowan, 1980; Mbwile and Udén, 1991) . The time from collection of the inoculum to initiation of fermentation in 125 mL flasks was about 1 hour.
In each digestion trial, I ran five different samples and a control, the Whatman filter paper #1 (100% cellulose), in triplicate (Clary et al., 1988) . All plants were digested for 12, 24 and 48 h periods, which approximately covered the range of natural fermentation times during summer Jiang and Hudson, 1996) . Independent plant samples were used for the different fermentation periods. After the digestion, 1 mL of toluene was added to the solution as a preservative (Goering and Van Soest, 1970) . Samples were stored at temperatures between 0˚ and 4˚C for 2 to 6 weeks, and true digestibility was determined with the neutral-detergent fibre (NDF) procedure (Goering and Van Soest, 1970) . The neutral detergent was added to the residuals of fermentation. The IVDMD, corrected for percentage of dry matter, could then be calculated as: IVDMD = 100 -NDF Effects of plant phenology (collection date), species, and fermentation period (12, 24, and 48 h) on IVDMD were tested with two-way ANOVAs (Sokal and Rohlf, 1981) . Plant samples collected at intervals of approximately 2 weeks were used to assess the effects of plant phenology on IVDMD. Lichens were collected only once, because their composition and digestibility have been reported to be relatively stable over seasons (Longton, 1988) . A one-way ANOVA was used to compare the IVDMD of Cyperaceae and shrub species (for the 24 and 48 h trials): the fact that no IVDMD values were available for the 12 h fermentation of B. glandulosa precluded the use of a two-way ANOVA. Post-hoc multiple comparisons were conducted with a Scheffé F-test (Sokal and Rohlf, 1981) . Differences reported were considered statistically significant at p < 0.05, and the IVDMD values are presented as the average ± SD.
RESULTS
In vitro dry matter digestibility of both species of Cyperaceae was higher for long fermentation periods (48 h) than for short periods (Fig. 1 ) (E. angustifolium, F 2,10 = 31.1, p < 0.0001; C. rariflora, F 2,10 = 42.3, p < 0.0001). Specimens collected earlier during the summer were also more digestible than those collected later ( Fig. 1 ) (E. angustifolium, F 1,10 = 18.2, p = 0.002; C. rariflora, F 1,10 = 91.8, p < 0.0001). Furthermore, the interaction between fermentation period and plant collection date was significant for both species (E. angustifolium, F 2,10 = 5.6, p = 0.02; C. rariflora, F 2,10 = 9.4, p = 0.005), indicating that early fermentation rates (under 24 h) varied over the summer. Plants collected early during the summer attained maximum digestibility levels after 24 h, while those collected later had IVDMD 5 -25% higher after 48 h than after 24 h (Fig. 1) .
Similarly, the IVDMD of shrubs increased with a longer fermentation period (Fig. 1) (B. glandulosa, F 1,12 = 13.0, p = 0.004; V. uliginosum, F 2,18 = 26.8, p < 0.0001) and decreased with the later collection date of leaves ( Fig. 1) (B. glandulosa, F 2,12 = 16.3, p = 0.0004; V. uliginosum, F 2,18 = 6.9, p = 0.006). In contrast to Cyperaceae, the shrubs showed no change in fermentation rate over the summer.
Among lichens, Alectoria ochroleuca and Cetraria spp. were more digestible than Cladina rangiferina, Cladina stellaris and Stereocaulon paschale (Fig. 2 ) (F 4,28 = 593.1, p < 0.0001). Fermentation period did not affect the IVDMD of lichens (F 2,28 = 2.8, p = 0.08).
Comparison of the IVDMD of the four species of vascular plants collected on similar dates revealed that the Cyperaceae were more digestible than the shrubs in mid-July (F 3,19 = 37.4, p < 0.0001) but not in early August (F 3,17 = 3.1, p = 0.06) (Scheffé test). The significant interactions between species and date showed that the IVDMD values of the four species varied differently during the summer (Fig. 1 ) (24 h: F 3,14 = 7.3, p = 0.003; 48 h: F 3,14 = 6.1, p = 0.007).
DISCUSSION
I used rumen inoculum from a cow rather than from a caribou because in several studies of digestibilities of forages utilized by wild herbivores, the use of a domestic ruminant as the inoculum source had given very reliable results (Palmer et al., 1976; Palmer and Cowan, 1980; Welch et al., 1983; Brooks and Urness, 1984; Crawford and Hankinson, 1984) . A single domestic inoculum source also reduces the variability of the rumen fluid caused by the use of several donors feeding on different diets (Clary et al., 1988; Pehrson and Faber, 1994) . This method is particularly applicable when one is interested in making comparisons of digestibility of forages and fermentation time (as in this study), rather than in studying energy budget (Brooks and Urness, 1984; Campa et al., 1984) . Even though cow inoculum was used, the IVDMD values of the different plant species analysed in this study were in the range of values previously obtained using caribou inoculum Kroeger, 1980, 1981; Thomas et al., 1984; Rominger and Robbins, 1996) . Also, difficulties in obtaining sufficient volumes of rumen fluid from wild animals (Crawford and Hankinson, 1984; Nocek, 1988 ) and logistical problems involved in running digestibility trials in the field are greatly reduced when using a domestic ruminant.
I found that the IVDMD of Cyperaceae and shrubs generally decreased as summer progressed. A seasonal decline in IVDMD has often been reported in the literature and usually indicates a decrease in plant quality (Gaare and Skogland, 1975; White et al., 1981) . Plant fibre content and less digestible fibre types (e.g., lignin, cellulose) normally increase over the growing season, thus reducing digestibility Skogland, 1984; Robbins, 1993) .
Higher IVDMD values of Cyperaceae and shrubs with increasing fermentation periods were consistent with earlier results obtained for plant species eaten by caribou (Thomas and Kroeger, 1980; Thomas et al., 1984) . Interestingly, however, the effects of fermentation time for the Cyperaceae varied according to plant phenology. Plants collected early in the summer attained maximum IVDMD values in shorter fermentation periods than those collected later. Again, these results are likely due to the fibre increase in graminoid tissues with the advent of summer Jones and Wilson, 1987) .
Although all species of lichens studied are used by caribou in summer (Crête et al., 1990a) , the greater IVDMD of A. ochroleuca and Cetraria spp. compared to the two species of Cladina and S. paschale could be partly explained by the different fibre content (and type) of those species. A. ochroleuca and Cetraria spp. have fibre contents of about 2% (Solberg, 1967) , while Cladina spp. and S. paschale values range from 18% to 32% (Solberg, 1967; Pullianen, 1971) . The low IVDMD results for Cladina spp. and S. paschale (Fig. 2) are surprising because the important amounts of these species found in the summer diet suggest high IVDMD values (Gauthier et al., 1989; Crête et al., 1990a) . The high representation of these species in the caribou diet (Crête et al., 1990a ) may be due to their greater availability and accessibility in the field (Skogland, 1984; Lundberg and Palo, 1993) . Although virtually all lichen species have been overused in the Rivière George area , Cladina spp. are about six times more available than A. ochroleuca and Cetraria spp. together (Crête et al., 1990b) . In contrast to the results of studies by Thomas and Kroeger (1981) and Thomas et al. (1984) , the IVDMD of lichens did not increase with fermentation period, likely because my fermentation intervals were shorter than those used in the earlier studies. In fact, those studies mainly reported differences between trials of 15 -16 h and 120 -180 h; durations 68 to 129 h longer than my longest interval. Microbacterial type and concentration likely differed between the Thomas and Kroeger (1981) and Thomas et al. (1984) trials (caribou inoculum) and my trials (cow inoculum). Therefore, one would have predicted that lichen samples digested with cow inoculum would have lower IVDMD values, since caribou inoculum may contain bacteria specialized in the digestion of lichens (Nieminen et al., 1980) . However, my IVDMD values for the different species of lichens were in the range of the values previously obtained for caribou Kroeger, 1980, 1981; Thomas et al. 1984) .
Cyperaceae were more digestible than shrubs in mid-July but not in early August. The higher IVDMD values of graminoids compared to shrubs in mid-July were unexpected, because caribou appeared to eat more shrub leaves than graminoid-type plants during this period (Gauthier et al., 1989; Crête et al., 1990a) . Moreover, reported higher % NDF (cell walls) for Carex spp. (~60%) than for Vaccinium spp. (~30%) and B. glandulosa (20%) during the same period and in the same study area, suggesting that shrubs should be even more digestible than graminoids. However, also found that shrubs in the Rivière George area had more phenolic constituents than graminoid-type plants during the same period (Vaccinium spp. and B. glandulosa: ~18%; Carex spp. and E. angustifolium: ~5%) . Phenolic compounds bind with proteins and usually reduce digestibility (Mould and Robbins, 1982; Kuropat and Bryant, 1983; Palo, 1985) . This effect may explain the lower IVDMD of shrubs compared to the Cyperaceae in mid-July. However, it does not explain why caribou seem to eat more shrub leaves, especially of B. glandulosa, during this period (Gauthier et al., 1989; Crête et al., 1990a) . A possible reason is that caribou, especially females facing high costs of lactation, select the leaves of B. glandulosa because they contain more protein than graminoid-type plants, and much more than lichens (Pruitt, 1979; Crête et al., 1990a; . Unfortunately, it is not possible to infer if this continues into August and early fall, because the diet of the Rivière George caribou herd during this later period is not known. An alternative explanation could be that B. glandulosa and other shrubs are used because they appear more abundant than graminoids in the Rivière George area (Skogland, 1984; Toupin et al., 1996) . These results indicate that digestibility values alone cannot explain the summer diet that has been previously reported for the Rivière George caribou (Gauthier et al., 1989; Crête et al., 1990a) . In order to maximize energy intake and fulfill its needs for growth, lactation, and tissue regeneration, a caribou would profit by feeding on plant species that represent the best compromise between digestibility-protein content and availability (Lundberg and Palo, 1993) . To test the hypothesis that caribou, and other ungulates, can select plant species according to their relative digestibilities (Thomas and Kroeger, 1980; White and Trudell, 1980) , further studies should concentrate on simultaneously measuring diet, the relative abundance of species, and plant constituents (e.g., fibre, protein, phenols) during the vegetation growing season.
